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Applicaiioi i No. 1 0/S 1 3 »53 2 Docket No.: 29 17 1/393M5 

Amendment dated April 24, 2006 

Rqply to Office Action of Jamiary 24, 2006 

AiVlENDlVPENTS TO THE CLAIMS 

This listing of claims will replace alf prior versions, and listings, of claims in the application: 

Listing of Claims: 

1 . (Withdrawn) A crv'ogenic fuel tank comprising: 
an exterior surface comprising a skin layer; and 

a composite insulation layer affixed to at least a substantial portion of the skin layer, the 
composite insulating layer including a reinforcing material combined with a non-nammablc polymer 
foam material. 

2. (Withdrawn) The fuel tank of claim 1 wherein the polymer foam material 
comprises a closed cell foam material. 

3. {Withdrawn) The fuel tank of claim I wherein the foam material is 
polyisocyaniu^tc foam. 

4. (Withdrawn) The fuel tank of claim 3 wherein the pulyisocyanurate foam is a 
closed cell foam. 

5. (Withdrawn) The fuel tank of claim I wherein the polymer foam material 
comprises polyurethane foam. 

6. (Withdra\\'n) The fuel tank of claim 5 wherein the polyurethane foam is a closed 
cell foam. 

7. (Withdrawn) The fuel tank of claim I wherein the reinforcing material includes at 
least one sheet of material added to the polymer foam material. 

8. (Withdrawn) Tlic fuel tank of claim 7 wherein the at least one sheet is a mesh grid 
sheet of fibers embedded within a layer of the polymer foam material. 

9. (Withdrawn) 'Ilie fuel tank of claim S wherein the at least one sheet is a mesh grid 
sheet of aramid fiber material. 
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10. (Wuhdrawn) The fuel tank of claim 9 wherein the at least one sheet is a nnesh grid 
sheet haWng a pluirtlity of interconnected linear fibers. 

1 1 . (WithdrauTi) The fuel tank of claim 9 wherein the at least one sheet is a mesh grid 
having a plurality of ijitcrconnecied curvilinear fibers. 

12. (Withdrawn) The fuel tank of claim I wherein the neinftircing materia) is selected 
from the group consisting of nanotubes» naiiorods, graphite whiskers, graphite epoxy, polyO?- 
phenylene tercphthalamide) aramid fiber, carbon graphite fiber, poly(m-phenylenc terephthalamidc) 
fiber, silicone nitride fiber, silicone carbide fiber, polyaramid fiber, gcl-spun polyethylene fiber, 
polyarylatc fiber, and poly(phcnylcne sulfide) fiber. 

13. (Withdrawn) The fuel tank of claim 1 wherein the reinforcing material comprises a 
plurality of discrete strengthening fibers interspersed and embedded wiUiin a layer of tl»e polymer 
foam material. 

14. (Withdrawn) The fuel tank of claim 1 3 wherein the discrete fibers are selected 
from the group consisting of silicon carbide fibers, nanotubes, nanorods, carbon graphite whiskers and 
carbon graphite fibers. 

1 5. (Withdrawn) The fuel tank of claim 14 wherein the discrete fibers are nanotubes. 

16- (Withdrawn) The fuel tank of claim 15 wherein the nanotubes have diameters 
ranging from about 1 to about 2 nm and lengths ranging from about 0. 1 fim to about to about 50 pra. 

1 7. (Withdrawn) The fuel tank of claim 1 6 wherein the polymer foam material is a 
closed cell foam having a cell size of about 200 \im. 

18. (Withdrawn) The fuel tank of claim 16 wherein a plurality of the nanombes 
intersect and are fused to one or more other nanotubes. 

1 9. ( VVithdravvTi) The fuel tank of claim 1 4 wherein the discrete fibers are curboii 
graphite whiskers having, a diameter ranging from about 0. [ to about 1 pm and a length ranging irom 
about 5 to about 50 \im. 

4 



PACE »13 * RCVD AT 4/24/2006 5:11:31 PM [Eastern DayOght Time] * 8VR:U8PTaCFXRF-1/13 * DNI8:2738300 • C8I0:Mar5han6ersteln * DURATION (min-ss):0448 



04/24/2006 04:13:12 PM 



Janis Wilson 



Marshal IGerstein 



Page 6 



Application No. 10/'8i3.532 Docket No.: 29171/39345 

Amendment dated Apiil 24, 2006 

Reply to OiHce Action of JanQai>* 24, 2006 . 

20. (Withdrawn) The fuel tank of claim 19 wherein the polymer foam material is a 
closed cell foam having a cell size of about 200 jam. 

2 1 . (Withdrawn) The fuel tank of claim 14 wherein the discrete fibers are carbon fibers 
ha\Hng diameters of less than S ^im and the polymer foam material is a closed cell foam having a cell 
size of about 2O0 um. 

22. (Withdrawn) A cryogenic fuel tank for attachment to an exterior of an orbitcr 
during launch and asc^t» the fuel tank comprising: 

a skin layer having an exterior surface; and 

a composite insulation layer afRxed to at least a substantial portion of the exterior surface of 
the skin layer, the composite insulating layer including a reinforcing material embedded with a closed 
cell polyisocyanurate foam« 

the reinforcing material being selected from the group consisting of nanotubes, nanorods^ 
graphite whiskers, silicone carbide fiber, poly(/7-pheiiylene terephthalamide) aramid fiber mesh, and 
poly(w-phenyIene terephthalamide) fiber mesh. 

23. (Withdrawn) The fuel tank of claim 22 wherein reinforcing material consists 
essentially of the di.screte fibers are nanotubes having diameters ranging from about 1 to about 2 nm 
and lengths ranging from about 0. 1 pm to about to about 50 pm and the polyisocyanurate foam is a 
closed cell foam having a cell size of about 200 pm. 

24. (Withdrawn) The fuel tank of claim 23 wherein a plurality of the nanotubes 
intersect and are fused to one or more other nanotubes. 

25. (Withdrawn) The fuel tank of claim 22 wherein rcmforcing material consists 
essentially of the discrece fibers are carbon graphite whiskers having a diameter ranging from about 
0. 1 to about I pm and a length ranging from about 5 to about 50 pm and the polyisocyanurate foam is 
a closed ceil foam having a cell size of about 200 um. 

26. (Withdi awn) The fuel tank of claim 22 wherein the reinforcing material consists 
essentially of po(y(p-phenylcne terephthalamide fiber mesh. 
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27. (Currently amended) A method Tor strengthening an exterior insulatian layer on an 
exterior surface of a skin of a cryogenic fuel tank, the method comprising; 

providing a quantity of a non-flammable polymer foam material and a reinforcing niateriaU 
wherein the rciiilbrcing m ate rial comprises a plurality of strengthening fibers^ wherein at least some 
of the strengthening fibers intersect with at least some other of t he strcngtheninu fibers, sai d 
strength ening fibers having; diameters mn gin g from about 1 nm to about 1 um and lengt hs ranging 
from abo ut 0 AiAnLtQ^.a bout 5 O. ^ini; 

combining the polymer ibam material and the reinforcing material to form a composite 
insulating layer; and 

affixing the composite insulating layer in an unciired state to at least a substantial portion of 
the exterior surface of the skin. 

28. (Original) The method of claim 27 wherein the combining further comprises: 
embedding the reinforcing material in the foam material when the foam material is in a liquid 

state. 

29. (Original) The method of claim 28 wherein the embedding further comprises: 
spl aying the exterior surface of the skin of the fuel tank with the foam material to form a first 

layer of foam material thereon; 

placing at least one sheet of the reinforcing material over the first layer of foam material; and 
spraying a second layer of foam material on the sheet and first layer. 

30. (Original) The method of claim 28 wherein embedding further comprises: 
adding a plurality of discrete strengthening fibers to the foam material before the foam 

material is ciued and aflixed to the exterior surface of the skin. 

31. (Original) The method of claim 27 wherein the combining and affixing are 
completed substantially simultaneously. 

32. (Original) The method of claim 28 further comprising: 

adding a foam materia! layer in a liquid state onto the exterior surface of the sicin; 
placing a reinforcing material layer on the llrst loam material layer; 
adding another foam niaterial layer in a liquid state onto the lusi foam material and 
reinforcing material layers; and 

curing the foam material layers. 
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33. (OrigiTjal) The method of claim 32 wherein the adding further comprise pouring 
the liquid foam material. 

34. (Original) The method of claim 32 wherein adding further comprise spraying 
the liquid foam material. 

35. (Original) The method of claim 32 whei ein the adding, placing and adding arc 
repeated a desired number of times. 

36. (Original) The method of claiin 27 funlier cwiipribing: 

securing at least one reinforcing material layer adjacent the exterior surface of the skin; 
adding a foam material layer in the liquid state in such a manner to substantially encapsulate 
the reinforcing material layer in the foam material layer; and 
curing the foam material layer. 

37. (Original) The method of claim 36 wherein the addmg further comprises: 
pouring the liquid foam material over the reinforcing material layer and the skin layer. 

38. (Currently amended) The method of claim [[37]] 36 wherein the adding ftirther 
comprises: 

spraying the liquid foam layer over the reinforcing material layer and the skin layer. 

39. (Original) The method.of claim 27 wherein the cotiibiuiiig further includes 
adding a sufficient amount of the reinforcing material to a sufficient amount of the polymer foam 
material so that the conqjosite insulating layer has a compressive strength and a tensile strength 
sufficient to prevent the composite insulating layer from fracturing and being separated from the fuel 
tank as a result of thrust imposed on the composite insulating layer during a launch and ascent to 
space when the fuel tank is attached to a space shuttle orbiter. 

40. (Original) The method of claim 27, wherein the polymer foam material 
comprises a closed cell polyisocyanurate foam. 

41. (Canceled) 
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42. (Currently amended) The method claim [f4 1 J ] 27 wherein th e r e inforoing mat o rial 
consist s es sentially of th e diooroto streng thening fibers are nanotubcs having diameters ranging from 
about 1 to about 2 nm and lengths ranging from about 0.1 jim to about to abou t 50 i.\m and the 
polyisocyanurate foam is a closed cell foam having a cell size of about 200 jim. 

43. (Currently amended) A method for str e ngthening an exterior insulation layer on an 
fiKterior surface o f a sicin ofa crvoKcni c I\i cl tank, the method comprising: 

providing a Quantity of a n on-flammable polvmer foam materiaL wlierein said polymer f oam 
material is an isocvanurate closed ce ll foam having a cell size of about 200 lun and a reinforcing 
material, whe rein said reinforcing material consists essentially ofa plurality of nanotubes having 
diameters ranging f rom about I to about 2 iim aiid it:imUis ranuing from abou t 0. 1 urn to about 50 ^m. 
wherein said nanotubes intersect a nd are fused to one or more other nanotubes : 

combining the polymer foam material and the reinforcing material to form a composite 
insulating layer; and 

affixing the composite insulating layer in an uncured state to at least a substantial portion of 
the exterior surface of the skin. 

44. (Currently amended) The method of claim [[41]] 27 wherein the reinforoing 
material condibm OGsentially of dinorotc strengthening fibers arc carbon graphite whiskers having a 
diameter ranging from about 0.1 to about 1 \im and a length ranging from about 5 to about 50 ^im and 
the polyisocyanurate foam is a closed cell foam having a cell size of about 200 pm. 

45. (Withdrawn) A space orbiter comprising: 
a skin layer comprising an interior surface; and 

a composite insulation layer affixed to at least a substantial portion of the skin layer, the 
composite insulating layer including a reinforcing material combined with a closed cell 
polyisocyanurate foam, 

the rcintbrcing material being selected from the group consisting of nanotubes, nanorods, 
graphite whiskers, silicone carbide tlbcr, poIy(/>-nhcnylene terephtha! amide) aramid Hbcr mesh, and 
poly{w-phenyiene (erephthalamide) fiber mesh. 

46. (New) The method of claim 27^ wherein tlic strcngdiening libers are 
selected from the group consi.stinjr of silicon carhidc fibers, nanotubes, nanorods, silicon carbide 
fibers, silicon carbide whiskers, carbon graphite whiskers and carbon graphite libers. 
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47. (New) The method of claim 46, wherein the shrengthening fibers are silicon 

carbide whiskers. 
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